Introduction
Cervical cancer is the third most common malignancy in females globally, accounting for 8.8% of all cases of cancer. Furthermore, in 2008, ~529,000 new cases and ~274,000 mortalities due to cervical cancer were reported worldwide (1) . Approximately 80% of these cases occurred in individuals in developing countries (2) .
Cervical cancer occurs in a multi-step process that involves the transformation of healthy cervical epithelium into preneoplastic cervical intraepithelial neoplasia (CIN) that eventually evolve into invasive cervical cancer cells (3, 4) . It is well recognized that specific oncogenic human papilloma virus (HPV) is a primary etiological factor in cervical cancer (5, 6) . However, only a small fraction of HPV-infected lesions progress to cervical cancer or its precursor lesion, cervical intraepithelial neoplasia (CIN), indicating that other genetic factors, including tumor-suppressor genes, proto-oncogenes and immunological factors, may be involved in the development of cervical cancer (7) (8) (9) .
Girdin is a multi-functional protein with the ability to promote cell proliferation and migration (10) (11) (12) . Girdin is located at the crossroad of G protein signaling and tyrosine kinase receptor signaling and, therefore, promotes the activation of a series of molecules, including G protein, Akt and signal transducer and activator of transcription (STAT3) (13, 14) . An increasing number of studies have demonstrated that Girdin is preferentially expressed in various malignant tissues, such as breast, colon and lung cancer, and glioblastoma (10, 13, (15) (16) (17) . In specific types of tumor, for example glioblastoma, the expression of Girdin increases with the evolution of tumor progression and invasion (17) . Furthermore, increased expression of Girdin appears to facilitate cell migration, and concomitant metastasis in breast and colon cancers (10, 16) . Therefore, it has been suggested that the expression of Girdin may be predictive of outcome in breast and colorectal carcinoma (16, 18) . However, the expression and function of Girdin in cervical carcinoma has yet to be investigated.
In the current study, the association between Girdin expression, and the various stages of intraepithelial neoplasia and squamous cell carcinoma was investigated. Furthermore, a short-hairpin RNA (shRNA) approach was used to selectively knock down the expression of Girdin mRNA in the cervical
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HeLa tumor cell line, and investigate its role in cell growth and apoptosis, two key characteristics in disease progression. Immunohistochemistry. Endogenous expression of Girdin protein was evaluated on 4-µm, paraffin-embedded, serial sections of cervical tissues using rabbit polyclonal IgG anti-human Girdin antibody (#sc-133371; Santa Cruz Biotechnology, Inc.) or control IgG, as previously described (10) . Immunohistochemisty was performed using standard techniques. Antigen retrieval was performed with microwave treatment in a 0.01 mol/l citrate buffer (pH 6.0) at 95˚C for 10 min. Girdin immunostaining was examined by counting ≥500 cells in five random high power fields from each specimen using a Eclipse 80i light microscope (Nikon Corporation, Tokyo, Japan), as previously described (15) . After counting, Girdin expression was semiquantitatively classified according to the proportion of immunoreactive cancer cells in the cytoplasm, as follows: 0, <1% of cells; 1+, ≥1 to <10% of cells; 2+, ≥10 to <50% of cells; and 3+, ≥50% of cells.
Materials and methods
Cell culture and proliferation assay. The human cervical squamous cell carcinoma line HeLa was maintained in culture medium (DMEM supplemented with 10% fetal bovine serum). HeLa cells (ScienCell Research Laboratories, Carlsbad, CA, USA) were transfected with Girdin shRNA (Invitrogen Life Technologies, Carlsbad, CA, USA) or control shRNA, as previously described by Jiang et al (10) , and then seeded (2x10 4 cells) in 35-mm Petri dishes. After 24, 48 and 72 h incubation in culture medium, the cells were trypsinized, stained with 0.4% trypan blue (Yi San Biotechnology Co., Ltd., Shanghai, China), and counted using a hemocytometer (Qiujing, Inc, Zhejiang, China).
Apoptosis detection. Cell apoptosis was determined using Hoechst 33342 staining. All the steps were performed according to the manufacturer's instructions.
Western blot analysis. Samples were separated by 8% SDS-PAGE. Proteins were transferred to nitrocellulose membranes, blocked in 3% skim milk in phosphate buffered saline and 0.05% Tween 20, incubated with primary antibody (polyclonal rabbit IgG anti-human Girdin antibody; Santa Cruz Biotechnology, Inc.; #sc-133371; dilution, 1:100), and detected with horseradish peroxidase-conjugated polyclonal goat anti-rabbit secondary antibody (#P-0448; Dako, Glostrup, Denmark; dilution, 1:5,000). Immunoreactive bands were visualized using enhanced chemiluminescence detection reagents (Applygen Technologies Inc., Beijing, China).
Statistical analysis. Data were analyzed using SPSS statistical software (version 13.0; SPSS, Inc., Chicago, IL, USA). Differences between various groups were compared using a χ 2 test, Fisher's exact test or one-way analysis of variance (ANOVA), where appropriate. The correlation between Girdin protein expression levels and the grade of lesion was determined by performing a Spearman's rank correlation test. The intensity of western blotting bands were analyzed by using Image-Pro Plus software, version 6.0. The level of Girdin expression and apoptotic cells were analyzed in triplicate. Furthermore, a t-test was used to detect the difference in cell migration and invasion. P<0.05 was considered to indicate a statistically significant difference.
Results

Girdin protein expression in cervical cancer lesions.
Girdin protein expression was observed in the cytoplasm of 79/87 (90.8%) cervical cancer lesion specimens. However, no positive signal was identified in the five healthy cervical squamous epithelium samples (Table I ; Fig. 1 ). In comparison to the negative staining observed in healthy cervical epithelial cells (Fig. 1A) , all cases of invasive carcinoma expressed Girdin protein and positive Girdin protein signals were observed in 13/21 identifiable pre-malignant lesions (Table I) . Specifically, Girdin was expressed in the basal and parabasal layers of CIN I samples (n=4; Fig. 1B ) and in the superficial layers of CIN III samples (n=9; Fig. 1C) . A staining degree of 3+ was not observed in any of the CIN cases but was observed in eight cases of invasive carcinoma. Furthermore, moderate (2+) and intense (3+) staining for Girdin was detected in one (11.1%) case of CIN I, three (25.0%) cases of CIN Ⅲ, and 50 (75.7%) cases of invasive carcinoma (Table I ). Statistical analysis of the expression of Girdin protein indicated a significant difference between the three grades of cervical cancer lesion (one-way ANOVA, F-value=22.976; Spearman's correlation coefficient, 0.566; P<0.001; data not shown).
Girdin is essential for proliferation and serum-deprived induced apoptosis of HeLa cells.
shRNA methodology was used to examine the potential role of endogenous Girdin expression in HeLa cells, as previously described by Jiang et al (10) . The Girdin-specific shRNA targets and control shRNA targets were transfected into HeLa cells. After 48 h of transfection, western blot analysis demonstrated that Girdin protein expression was suppressed in the Girdin shRNA group compared with the control (Fig. 2A) . Cell proliferation was detected at 24, 48 and 72 h using Table I . Expression of Girdin in 87 cases of cervical squamous cell carcinoma using immunohistochemistry. Under normal conditions, almost no apoptosis was observed in Girdin-suppressed HeLa cells (data not shown). However, a large number of apoptotic cells was observed in the Girdin-suppressed HeLa cells when they were cultured in serum-deprived medium for 48 h. By contrast, the control HeLa cells exhibited little apoptosis (Fig. 2C) . A significant difference was observed between the proportion of apoptotic cells in the control and Girdin shRNA groups (P<0.05; Fig. 2D ).
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Discussion
Increasing evidence indicates that Girdin promotes cell motility in epithelial and endothelial cells (10, 20) . As a type of actin-binding protein, Girdin is required for lamellipodia formation as it recruits actin to the leading edge for cell motility (10) . Furthermore, it was reported that Girdin is essential for cell proliferation (11) (12) (13) . A number of reports have demonstrated that Girdin promotes metastasis in breast carcinoma and colorectal carcinoma (16, 18) . Natsume et al (17) recently identified that Girdin is essential for glioblastoma invasion. The aforementioned studies indicate that Girdin is pivotal for the development of epithelium-derived cancer cells. In the present study, it was identified that Girdin protein is highly expressed in pre-malignant and malignant cervical carcinoma. Notably, a strong expression of Girdin was exclusively identified in the invasive lesions, while a negative or weak expression was detected in the pre-malignant lesions. In consideration of the current data, it is suggested that Girdin may promote the progression of cervical cancer lesions and is important for cancer invasion. This conclusion is additionally supported by the data from the present study, which demonstrated that Girdin mRNA is essential for HeLa cell proliferation.
Immunoexpression of Girdin has been recognized as a predictor for poor survival in specific malignancies. However, to the best of our knowledge, its predictive role has yet to be reported in cervical carcinomas. In the present study, immunohistochemical analysis was performed to identify Girdin protein expression in 90.8% of cervical squamous cell lesions. In addition, the expression of Girdin significantly correlated with the stage of the lesion. Although the current results indicate that the expression of Girdin contributes to a poor prognosis, the mechanism has yet to be sufficiently clarified in cervical cancer.
Thus far, the role of Girdin in apoptosis remains unclear. For example, Anai et al (21) reported that COS-7 cells expressing Akt and Girdin exhibit increased levels of apoptosis and that cells expressing Girdin alone exhibited little apoptosis. However, in the present study, it was observed that shRNA-induced depletion of Girdin induces apoptosis under starvation conditions. Considering that the Akt signal was inactive under the condition of serum deprivation, it is proposed that Girdin depletion and Akt inactivation cooperate to contribute to HeLa cell apoptosis. However, the detailed mechanisms and physiological significance require additional investigation.
Aberrant activation of STAT3 has been demonstrated a dominant association with carcinogenesis, and appears to promote cell cycle progression, cell proliferation and oncogenic transformation (22) . A recent study identified that positive staining for phosphorylated STAT3 was observed in greater than half of the cervical carcinoma cases (56.8%) investigated, and was significantly correlated with lymph node metastasis, lymph vascular space invasion and a large tumor diameter in cervical carcinoma (23) . Notably, Girdin is a direct target of STAT3. Immunohistochemical analysis of breast carcinoma samples identified a significant correlation between STAT3 activation and elevated Girdin expression. Furthermore, Girdin positively autoregulates its own transcription by enhancing STAT3 activation (14) . However, whether a similar interaction exists between STAT3 and Girdin in cervical lesions merits further investigation.
In conclusion, the findings of the present study indicate that Girdin protein is highly expressed in cervical cancer. Furthermore, Girdin mRNA appears to be essential for cell proliferation and apoptosis in HeLa cells. Therefore, Girdin may act as a prospective diagnostic biomarker in cervical cancer associated with disease stage and tumor grade.
